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ABSTRACT

Fosu, Richelle. M.S., Purdue University, May 2013. Investigating the Effect Specific
Credits of the LEED Rating System have on the Energy Performance of an Existing
Building. Major Professor: Clark Cory.

Throughout this thesis the potential financial and energy usage impact an upgrade to
green building standards would have on an antiquated building has been analyzed. The
extent of the implementation of specific LEED rating system credits that relate directly or
indirectly to the energy consumption of a building have been demonstrated, through the
means of several simulations using Revit, eQuest, Ecotect and Vasari simulation tools.
This thesis also attempted to provide a clear understanding and overview of the
plausibility of the suggested upgrades to be made, with regards to financial investment
required for such upgrades, by using simple payback calculations to determine the length
of time it would take for such upgrades to pay off.
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CHAPTER 1. INTRODUCTION

This chapter provides an overview of this research project. The scope and
significance of the research are presented here. Definitions related to this field, as well as
assumptions, limitations and delimitations of the research are also outlined.

1.1 Statement of Purpose
The purpose of this thesis is to evaluate the potential impact an upgrade to green
building standards will have on an antiquated building. Decisions on changes to be
effected will be made using energy conservation measures based on the LEED for
existing buildings rating system, while using simple payback calculations to assess the
most plausible option. The impacts were quantified using available BIM, visualization,
simulation and analytical tools. The maximum possible performance benefits will be
ascertained and documented through the study on a virtual building model.

1.2 Research Question
To what extent can the implementation of certain specific LEED credits impact
the overall performance efficiency of an existing antiquated building?
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1.3 Definitions
Energy Use Intensity –“…measure of energy consumption derived from total consumed
energy per year, divided by square foot area of the building…”(Doty, 2011, p. 4).

Going Green –This refers to the implementation of environmentally responsible
principles and practices in order to reduce the negative impacts of the buildings on the
environment.

LCA – Life cycle assessment; LCA is a technique used to assess the environmental
impacts associated with all the stages of a product’s lifecycle involved in the construction
of a building (Carlsson, 2005).

LCC – Life cycle cost analysis; LCC is a method for assessing the total cost of facility
ownership. It takes into account all the costs from acquiring to the disposal of a building
(Carlsson, 2005).

LEED for EB: O&M – Leadership for Energy and Environmental Design for existing
buildings: Operations and Maintenance
“..the rating system encourages owners and operators of existing buildings to implement
sustainable practices and reduce the environmental impacts of their buildings, while
addressing the major aspects of ongoing building operations.” (USGBC, 2011, para. 1).
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Simple Payback - payback is a common economic analysis method that calculates the
amount of time it will take to recover installation costs based on annual cost
savings (Longmore, 1989).

Sustainability- “…development that meets the needs of the present without
compromising the ability of future generations to meet their own needs…”
(WCED, 1987, p. 43).

1.4 Scope
This thesis is centered on the American Railway Building (ARB) - an antiquated
building located on the Purdue University campus that was initially constructed in 1926.
The LEED for Existing Buildings: Operations and Maintenance rating system will be
used as a guide and criteria for the implementation and evaluation of the virtual upgrade
process of the ARB building information model. Two building information models of the
ARB will be created to be used in the comparative analysis. One to represent the current
state of the building, and the other with all the upgrades put in place.
The aspects of the LEED for EB: O&M rating system selected for consideration
of the upgrades are:
•

Energy and atmosphere

•

Indoor environmental quality

•

Water Efficiency
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The software to be used for the simulations in this thesis are shown in Table 1.1.
Table 1.1
Software to be used
Software

Use

Autodesk Revit

Creation of the BIM model, Water Efficiency calculations

Ecotect Analysis

Day-lighting analysis

EQuest

Energy efficiency analysis

Autodesk Vasari

Solar Radiation analysis

1.5 Significance
This thesis aims to demonstrate the extent that the implementation of specific
LEED rating system credits and energy conservation measures can have on a building’s
total performance efficiency. Most of the environments’ carbon emissions are from older
existing buildings, as noted by Hupp (2009), and the design and construction of buildings
now are more concerned with being sustainable and environmentally friendly, while
improving the occupancy comfort levels as well as the building performance. Buildings
constructed before this era of green buildings thus need to be upgraded to meet the
current building standards.
Some group of commercial office buildings constructed in the 1900’s –as was the
ARB – typically have the structure of a two part commercial block (Longstreth, 2000),
and are usually cooled by 70’s vintage room air-conditioners - with an average efficiency
rating of about 5; while heating is performed by inefficient hot water radiators and
incandescent lighting fixtures have an efficiency of about 20% (Ayres, Ayres &
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Pokrovsky, 2005). It is the desired outcome that the results and findings of this thesis
could be applicable to other buildings with similar characteristics.
Although it may be a challenge to encourage companies and investors to go green
with their existing buildings, this thesis attempts to provide a clear understanding of the
plausibility of the suggested upgrades to be made, in order to serve as a sample guide for
those about to take the first step towards the greening of an existing building.

1.6 Assumptions
The assumptions for this project include:
•

The dimensions on floor plans used to create 3D model of the building will be
assumed to be accurate and up to date.

•

The fixture locations on floor plans used to create 3D model of building will be
assumed to be accurate and up to date.

•

The initial estimated simulation of energy and water consumption for analysis of
the as-is building model will be assumed to be reasonably accurate.

1.7 Limitations
The limitations for this project include:
•

Building energy use is not currently metered, limiting the energy comparisons
to only estimates of the buildings energy use.
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1.8 Delimitations
The delimitations for this project include:
•

Focus on specific credit points to be earned within the following categories:
o Water efficiency
o Energy and Atmosphere
o Indoor environmental Quality

•

Software use shall be limited to Autodesk Revit, Vasari, Ecotect analysis and
eQuest.

•

Other credit points in the LEED EBOM system that do not directly deal with the
building’s performance shall not be considered.

•

Comparisons with similar buildings will not be included in the study.

•

Cost analysis will be limited to the use of simple payback period calculations and
a cut off period of 10 years will be assumed.

•

Other aspects of the building such as the envelope were not considered for
retrofitting.

1.9 Chapter Summary
In this chapter, the motivation behind this study has been explored. The research
question on which the study is based was also presented and the scope was defined. Next,
a background and literature review will be covered.
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CHAPTER 2. LITERATURE REVIEW

In this chapter, the relevant literature pertaining to the thesis topic will be reviewed.
The areas of green building, sustainability, building rating and assessment tools – in
particular the Leadership in Energy and Environmental Design rating system (LEED) –
Building Information Modeling (BIM) and simulations will be covered, in order to
provide a basic understanding of the principles and methods in the subject area which
will be applied later on in the methodology of the thesis.
The literature presented in this section was researched and gathered through the use
of Google Scholar, Purdue University Library’s online journal databases as well as
through the ProQuest Research Library database. References which led to further leads
from some of the researched journals and articles were also explored.

2.1

BIM

Building Information Modeling (BIM) is a new trend that has taken over the
architecture, engineering and construction (AEC) industry by storm. From the initial
inception and design of a building, to its construction, and maintenance after occupancy
has begun, BIM is a tool that can be used in all stages of a buildings life cycle (Bilal,
2009).
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The unique property of BIM is its ability to bring all the disciplines together to
work on a project. Historically, the various disciplines that worked on a construction
project, made their decisions and designs separately from one another. This commonly
caused confusion when designs would clash and go undetected until the construction
process had already begun. The introduction of BIM has provided a means for resolving
such clashes. Engineers, architects and contractors of a project can all work on the same
virtual model in any phase of the building’s life cycle, making design changes together
whilst ensuring that those changes are accurate and do not interfere with other aspects of
the building model (Azhar, 2011). After the design of the BIM model, it can then be used
in conjunction to other software to further investigate properties of the building model.

2.1.1

BIM and Simulations

Apart from being able to completely create a virtual version of a building, check
for conflicts and inconsistencies in design before its construction begins; BIM allows the
virtual 3D model of the building to be used in third party software for further analysis and
simulations. Simulations performed on building information models allow for the
prediction of the building efficiency, through the use of the computer generated models
and complex calculations (Hong, Chou & Bong, 2000).
These simulations may span from day lighting analysis and thermal comfort
analysis in the rooms of a building, to the simulation of airflow in the building. This
ability to run simulations on a building before its construction has opened up new doors
for buildings to be evaluated, their energy efficiency improved, and their occupancy
levels of comfort enhanced.
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However, building simulations can be used not only for analyzing building
properties, but also for determining how building designs can affect their surroundings.
The impact of a building on the environment, such as its carbon emissions can be
monitored through simulations (Hetherington, Laney & Peake, 2010). Building designs
can also be used to predict the impact of natural disasters on buildings, in order to
determine the optimal modes of evacuation in such emergency situations (Gwynne, Galea,
Owen, Lawrence & Filippidis, 1999).

2.2

Green Building and Sustainability

Green building promotes the use of environmentally responsible practices, and
aims at the efficient use of energy, water and other resources of the building. If
implemented properly, it leads to reduction in the cost of buildings from construction
through to its occupancy and maintenance (Eichholtz, Kok & Quigley, 2011). It also
improves the conditions of living by making “…living environments more accessible,
accommodating and affordable for long term…” (Nishita & Pynoos, 2005, p. 52).
The concept of green building and sustainability go hand in hand, and is a
growing trend in the AEC industry. More clients require their buildings to be green, as
this positively impacts the environment by reducing the ecological footprint of the
building, is more resource efficient, and promotes the well-being of its occupants. As
stated by Richner (2010), “The quality of the built environment is a key factor for a truly
sustainable society” (p. 39).
The lackadaisical attitude towards the environment and its resources has led to the
dwindling and degradation of our surroundings. According to Kajikawa, Inoue and Goh
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(2011), “…The energy crisis of the 1970s was a turning point for the focus on energy
conservation measures…” (p. 235). Seeing as pollution and resource use stemmed
heavily from buildings and building materials, as shown by Hendrickson and Horvath
(2000), new practices in building construction had to be adopted to help remedy the
problem.

2.2.1

Going Green with Existing Buildings

Due to the benefits of doing away with the traditional methods of construction
that are wasteful, the construction of green buildings has gained popularity in the past
decade with governments, private and public sectors. (Bansal & Roth, 2000) What is not
so clear is whether it is worth upgrading existing buildings to meet the standards of green
buildings, as this is more of a challenge than creating a new building to meet these
standards (Miller & Buys, 2008).
It is a fact that most existing buildings are energy intensive and are the main
source of greenhouse gas emissions. As noted by Hupp (2009), “Approximately forty
percent of the nation's carbon dioxide emissions come from building construction and
operation” (p. 492). Now, in the 21st century, sustainable buildings are increasingly
gaining popularity and those existing before need to be upgraded to meet these
expectations. This, however, has proven to be quite a daunting task for many
organizations.
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2.3

The Cost of Going Green

The challenge faced by organizations to become more sustainable stems from the
fact that although green buildings are in high regard, most organizations find the initial
cost of retrofitting an existing building to be rather high in the short term. To balance the
amount spent upgrading the building would lead to increase in rent, for example.
However, if the organization or company is a small or medium sized one, it would not
find such costs easy to accommodate (Greenan, Humphreys & McIvor, 1997).
If such hesitant organizations had motivation, such as pressure from stakeholders
or a better understanding of the financial impact of retrofitting an existing building, they
may have a more positive view of green building and sustainability and may be able to
apply these measures (Lawrence, 1995). A virtual representation or simulation showing
the potential benefits of retrofitting can be made in an effort to bring more awareness to
the benefits of green building and sustainability. This can be achieved through the use of
a building information model, modified, and put through various simulations as a visual
representation.
The use of a well-defined cost-benefit analysis could also be used to demonstrate
the benefits of going green. An example presented by Paumgartten (2003) states, “…A
traditional building that would cost $11m to build would cost $14m to finance and $75m
to alter and operate, resulting in a 40 year lifecycle cost of $100m. If the same building
was designed and constructed to be a high performance green building, it would still cost
$14m to finance, but would lower operational costs to $50m, thereby reducing the total
40 year life cycle cost to $75m…” (p. 32).
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Analysis such as the one presented by Paumgartten (2003) can be accomplished
through the use of Life Cycle Cost analysis (LCC) and Life Cycle Assessment (LCA),
which clearly calculates the expenditures of the building as well as its material and
resource use, and how it impacts the surrounding environment. LCC can also be used to
illustrate the overall long-term savings that could be made as compared to a non-green
building.

2.3.1 Life Cycle Cost Analysis and Life Cycle Assessment
Life cycle cost analysis (LCC) is a method used to assess the total cost of owning,
constructing and maintaining a facility, up until its demolition. Calculations for an LCC
may stretch over a number of years, fully incorporating the costs of acquiring, replacing
and repairing all aspects of a building. It gives an overall idea of how much it costs to
keep a facility running at a certain level over a period of time. (Hunkeler & Rebitzer,
2003)
Life Cycle Assessment (LCA) on the other hand, is a technique used to assess and
evaluate the materials and energy flow, through the use of a detailed inventory. With
such an inventory at hand, it becomes easier to evaluate the potential impacts associated
with the input and release of energy and materials of a project. This affects decision
making as the project goes along and makes it easier to identify the movement of
resources in the project. (Rebitzer & Hunkeler, 2003)
Used together LCC and LCA can provide the cost of material, environmental and
energy analysis of a building, from construction to demolition, needed for decision
making.
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Since this thesis, however, is not meant to be a comprehensive evaluation of the
cost and life cycle benefits of the proposed upgrades to improve the buildings total
energy use, simple payback calculation will be used to determine the payback periods in
order to distinguish between suggestions made for the building upgrades. Simple payback
is used due to its simplistic yet intuitive nature. As stated by Longmore (1989), “…the
simple payback procedure continues as a most important capital budgeting technique
because of its substantial intuitive appeal, i.e.. it tells how long it takes an investment to
pay for itself....” (p. 192). Despite the fact that it does not include several factors that
affect the overall investment required, it is still a preferred method used by most firms for
decision making (Longmore, 1989).

2.4

Measuring Sustainability

With the introduction of green building principles into the AEC industry, there
also came a need for standards to establish the baseline requirements that a building
would need to satisfy in order to be labeled as being sustainable. Set standards are not
enough to ensure that sustainable practices are enforced. There needs to be methods that
can serve as guidelines to be followed during the construction of buildings. As such,
several rating systems and certification methods have been developed to encourage all
stakeholders of a building to participate in ensuring the building abides by the green
building and sustainability standards.
These rating and certification systems can be considered as a way of quantifying
the level of sustainability of a building, based on the awards – in the form of credits,
points and prestigious certifications - which are given as per the amount of effort that

14
goes into the construction of the building. In the words of Poveda and Lipsett (2011),
“…Assessments are practical undertakings in evaluation and decision making with
expected participation by stakeholders....” (p. 37).
As the need for green building principles increased, rating systems to encourage
their application came into being. Once the initial systems were embraced by the public
and private sectors, the need for more specialized and specific codes caused experts from
all fields to come together in order to create more rigorous building codes and standards
that are enforceable by jurisdictions. (Owens & Sigmon, 2010)

2.5

Building Assessment

Building assessment tools were developed to help with the evaluation of a
building’s impact. Ecologically, economically and socially, all aspects of the building
need to be eco-friendly, safe and should work harmoniously to promote the health and
improve the productivity of its occupants (Haapio & Viitaniemi, 2008).
Although some of these tools existed over a decade ago they were mainly used for
the purposes of research. Two of these tools are especially worth noting as most consider
them to be the origins of building environmental assessment tools on which many of the
present day tools are based or influenced by. They are the Green Building tool (GBTool)
and the UK British Research Establishment’s Environmental Assessment Method
(BREEAM) model (Poveda & Lipsett, 2011).
In addition to those two, the Green Building Initiative (GBI) Green Globes tool,
the built green program, the Comprehensive Assessment System for Building
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Environmental Efficiency (CASBEE) method, the VERDE method and the Leadership in
Energy and Environmental Design (LEED) method are briefly discussed.

2.5.1

Building Assessment Tools/Methods

In this section a brief overview of various kinds of building assessment tools is
given.
GB Tool is an international assessment tool developed in 1996. It is meant to
serve as a generic framework which can be customized to meet the specific needs of the
user. The major assessment areas used for the building evaluation process are:
“Performance issues” and “Performance categories”.
Scoring is from -2 to +5, with the negatives being awarded for unsatisfactory
achievements, 0 for standard performance and up to 5 points for exemplary efforts. The
GB tool can be used in any phase of a buildings life cycle (Sinou & Kyvelou, 2006)
BREEAM was developed in England. This rating system contains nine categories
with predetermined weights. The sum of all the scores obtained in each category
determines the total score of the building. The categories with their individual predetermined credit weights are as follows:
Management (12%)

Health & Wellbeing (15%)

Energy (19%)

Transport (8%)

Water (6%)

Materials (12.5%)

Waste (7.5%)

Land Use & Ecology (10%)

Pollution (10%)

Based on the total sum of the individual credits, the building is rated on a scale of: pass,
good, very good or excellent. (Kajikawa et al., 2011).
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GBI Green Globes tool is an online assessment and rating tool, adapted from
BREEAM in the year 2000. It is a questionnaire-driven tool, in which questions guide
users in the integration of sustainable elements into their projects.
There is a total of 1000 points to be earned in seven separate categories of assessment.
The building is then rated on a scale of one to five based on the percentage of total points
accumulated at the end of the questionnaire (Sinou & Kyvelou, 2006)
CASBEE is a Japanese based system which assesses buildings on their
environmental performance using 2 main factors: Q (quality), which is based on the
building environmental quality and performance, and L (Loadings), which refers to the
building environmental loadings – the evaluation of negative environmental impacts of
the building.
The Q and L categories are further broken down into sub categories as shown below:
Q1, indoor environment
Q2, quality of services
Q3, outdoor environment on site
L1, energy
L2, resources and materials
L3, off-site environment
Each of these sub categories is assigned a scoring criterion from one to five. The final
results are then presented as an aggregated average of the individual sub categorical
scores, according to the sectional floor area ratio (Kajikawa et al., 2011).
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VERDE is a relatively recent development by the Spanish, aimed at the evaluation
of a buildings environmental performance. Its design allows it to be used at any stage of a
projects life cycle, and has 3 distinct stages:
•

Predesign

•

Design and construction

•

Operations

Rating is based on a scale of 0 to 5, with 0 representing the fulfillment of the basic
standard practices, and 5 representing the attainment of the highest performance practices
which use the best and most affordable technology. Currently the moment, the design and
construction stage is the only one that has been fully completed and can be used for
environmental assessment (Sinou & Kyvelou, 2006)
LEED - a method developed in the USA by the United States Green Building
Council (USGBC) with a world wide application. It is now one of the highly regarded
rating systems since it is used all over the United States. It provides several categories for
the assessment of buildings and serves as a guide for the development of green,
sustainable buildings (Poveda & Lipsett, 2011).
LEED has been expanded to include in its application in the construction of new
commercial construction and major renovation projects, existing buildings operations and
maintenance, commercial interiors projects, core and shell projects, homes and
neighborhood development. Each parameter is evaluated and awarded LEED credit
points depending on the chosen options of execution. This is then added up for a total
which gives a certification of certified, silver, gold or platinum.
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Although this list is not exhaustive, it gives us an idea of the kind of assessment
methods and tools that are presently available and used in different parts of the world.
The tool which will be used as a criterion to follow in this thesis is the LEED rating
system which will be discussed next in a bit more detail.

2.6

LEED

Leadership in Energy and Environmental Design is one of the most well-known
standards by which green buildings are measured. Since its development in the year
2000, LEED has grown and expanded to span across individual residential homes, entire
neighborhoods, commercial interiors, new construction, existing construction, building
shells and core, schools, retail, healthcare facilities and major renovations (Kajikawa et
al., 2011).
The certification process provides third party verification that demonstrates the
level of achievement in the practices of sustainability and green principles attained by a
building. LEED is intended to implement strategies throughout the lifecycle of buildings
that are aimed at improving the health of the building occupants while saving on water,
energy, construction materials and the cost of maintenance of building operations.
LEED promotes a “whole-building” approach- which views buildings as a
network of interconnected systems that interact within the built environment. With this
in mind key areas that affect human health and have potential environment impact have
been recognized and are singled out as the main points for evaluation and rating. These
areas are:
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•

Sustainable sites

•

Water Efficiency

•

Energy & Atmosphere

•

Materials & Resources

•

Indoor Environmental Quality

•

Locations & Linkages

•

Awareness & Education

•

Innovation in Design

•

Regional Priority

2.6.1

LEED for Existing Buildings (LEED-EB) Minimum Requirements

Since the focus of this thesis is on an existing building, the guideline followed
will be that of the LEED-EB rating system. Although alterations that encourage
sustainability are encouraged, they need to be within certain limits to be considered for
LEED-EB certification (USGBC, 2011).
These requirements according to the LEED-EB handbook, USGBC (2009), are as
follows,
“…
Maximum. Alterations that affect no more than 50% of the total building floor
area or cause relocation of no more than 50% of regular building occupants are eligible.
Additions that increase the total building floor area by no more than 50% are eligible.
Minimum. Alterations that include construction activity by more than 1 trade
specialty, make substantial changes to at least 1 entire room in the building, and require
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isolation of the work site from regular building occupants for the duration of construction
are eligible. Additions that increase the total building floor area by at least 5% are eligible.
….” (p. iv).

2.6.2

Categories and Ratings

Seven out of the nine categories can be applied to LEED-EB rating. These are:
•

Sustainable sites – deals with site selection criteria - 26 Possible Points

•

Water Efficiency – deals with the distribution and consumption of water supplies – 14
Possible Points

•

Energy & Atmosphere – deals with the energy use of the building and conditions
within the building affected by this - 35 Possible Points

•

Materials & Resources – deals with the resource usage and waste generation due to
construction - 10 Possible Points

•

Indoor Environmental Quality – deals with the air quality within the building, day
lighting and thermal comfort - 15 Possible Points

•

Innovation in Design – deals with innovative technologies and new ideas that further
improve the building performance. It provides the opportunity for bonus credit points
to be earned - 6 Possible Points

•

Regional Priority – deals with specific options available per state that are made
available for extra credit earning of up to 4 credits - 4 Possible Points
(USGBC, 2009)
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According to the amount of accumulated points, the building is rated as follows:
•

LEED certified 40–49 points

•

LEED Silver 50–59 points

•

LEED Gold 60–79 points

•

LEED Platinum 80 points and above (USGBC, 2011)

2.7

Chapter Summary

In sum, this chapter has presented the various subject areas that will be applied in
this thesis. Although seeming separate in their ways, the emerging field of BIM and
simulations can be used in conjunction with green building principles to promote
sustainability of buildings. In order to enforce and encourage the application of green
building principles in construction, several rating systems and tools for certifying the
various aspects of a building have been created. The LEED for existing buildings rating
system, being such a certification tool that is widely used was chosen as the primary
system to be applied and implemented for the purpose of this thesis.
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CHAPTER 3. METHODOLOGY

The building on which this thesis is based is the American Railway building
(ARB) located on the Purdue University campus in West Lafayette. The methodology
shall be a mainly quantitative approach which will focus on the aspects of the LEED
rating system that directly impact the buildings operational performance.
The primary software to be used are Revit, a BIM modeling tool; and Ecotect
Analysis, a sustainability design tool which will serve the function of running simulations
and analysis on the BIM model - both developed by Autodesk. The aspects of the
building which will be explored in this thesis through simulations are summarized here.
Table 3.1
Building simulation and analysis areas
Building energy analysis

Simulate and calculate total energy use of
the building.

Day lighting

Calculate daylight factors and luminance
levels at any point in the building model

Water usage evaluation

Estimate water use inside and outside the
building and evaluate costs and possible
measure to improve efficiency
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3.1

Simulation Software Use Justification

Building energy modeling/simulation is an important tool that can be used to
study the performance of buildings and the various systems and components that
contribute to its operation (Hoque, 2012). Due to the proliferation in the market of
various software that are capable of modeling different aspects of the building systems –
from energy to fluid dynamics – it is important to ensure the appropriate selection of
tools to be used for any particular project. The software to be used in this thesis were
selected with the following criteria in mind:
•

Low/No Cost

•

Easy to understand user interface – little training required

•

Graphical/image based output to enhance user understanding (Shaurette, 2010).
There are currently several software available that could be used for the analysis

outlined in table 3.1. The available whole building simulation software including Ecotect
and eQuest are contrasted by Crawley, Hand, Kummert and Griffith (2008). From the
lists provided in their research the software outline in table 1.1 were selected. eQuest is
an energy simulation tool that can be used to analyze a buldings energy performance;
Ecotect is an analysis and design tool that can be used for daylighting, acoustical as well
as thermal comfort analysis of a building (Crawley, Hand, Kummert, & Griffith, 2008).
Vasari is a design tool being developed by Autodesk, used for the concept
modeling and analysis of buildings. It allows users to run overall energy wind and solar
radiation analysis, based on the location of the project. Revit is a building information
modeling tool from Autodesk that allows an entire structure to be virtually recreated.
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Revit and Vasari have similar, very intuitive and straightforward interfaces, making it
easy to navigate use.
Autodesk Vasari currently has a beta version that is available for free download.
eQuest is readily available for download from the department of energy website, while
Autodesk provides trial versions as well as student versions of their software for use by
the public. These can simply be downloaded from the Autodesk website.

3.2

Data Collected/Used

Data collection took place in all stages of the methodology. Initial data required
includes:
•

Floor plans of the ARB - to be used in the creation of the virtual 3d Model

•

Occupancy Data of the building

•

Building fixture specifications - plumbing fixtures, window fixtures, HVAC,
electrical & lighting.

Occupancy data was obtained from the building deputy of the Mechanical
engineering building – of which the ARB is an annex. The floor plans were provided by
the physical facilities of Purdue University, and all fixture specifications were obtained
either from the floor plans or by physical inspection of the fixtures currently in the
building.
These will aid in creating the model on which the simulations will be run and will
provide insight on the current standing of the building's energy performance level.
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Results obtained from the simulation and analysis performed will be complied
and used in conjunction with the data collected in the initial stages in order to make
comparisons, to show the effect of the upgrades on the whole-building performance.
Utility rates used for calculations in the subsequent sections were provided by a
senior energy engineer of Purdue University:
•

Sewer rates =$5.35 per 1000 gallons.
Variable electric cost is 5 cents per kilowatt-hour.

•

Purdue has its own potable water well and distribution system, and the variable
cost is between 25-33 cents per 1000 gallons.

3.3

Procedure

The procedure shall go through the following stages.
Stage1
This stage is concerned with the collection of building data and creation of the initial
model of the American Railway Building (ARB). Initial energy and water consumption
simulations will then be conducted at this stage using the aforementioned software, in
order to establish the current state of the overall consumption of the building, to be used
as a baseline for comparison.

Stage 2
This involves the creation of alternate versions of ARB virtual 3D model, using Autodesk
Revit. This model(s) will be a representation of the upgraded building focusing on

26
specific LEED points from the EB: O&M rating system which directly impacts the
building performance.
Stage 2.1
•

LEED Category for Energy and Atmosphere

The credits under this category that have an impact on the buildings energy use are:
EA P2 Minimum Energy Efficiency Performance
EA C 1 Optimize Energy Efficiency Performance
Requirement
These related credits require that the building has an Energy Star Rating greater that 71 or
an energy efficiency of 21% or better than the national average.
Approach
The tool used to determine this is the Energy Star Portfolio Manager, or the
USGBC’s B&C calculator. However, since the ARB is not metered these tools cannot be
used. Instead, as an alternative, estimated values obtained from the baseline simulation of
the ARB in eQuest will be used to calculate the energy use intensity of the ARB which
can then be compared to standard values as outlined by Doty (2011).
Energy conservation measures within 3 major categories that directly affect
building energy consumption shall be researched. These measures will cover the lighting
fixture energy usage and heating ventilation and air conditioning (HVAC) equipment
(Pérez-Lombard, Ortiz & Pout, 2008), as well as water heating devices in the building
(Butala & Novak, 1999).
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Stage 2.2
•

LEED Category for Water Efficiency

The credits under this category that have an impact on the buildings energy use are:
WE P1 Minimum Indoor Plumbing Fixture and Fitting Efficiency
WE C2 Additional Indoor Plumbing Fixture and Fitting Efficiency
Requirement
These two related credits require an improvement of the efficiency of plumbing fixtures
by at least 10%.
Approach
This reduction can be achieved through the use of water efficient plumbing
fixtures that require less water to perform their function. Since the heating and pumping
of water through a building has an indirect impact on the energy consumption of a
building, indirect energy savings can be achieved through the reduction of water required
for use in a building (Hopp & Darby, 1980).
Tools involved for this calculation will include, Revit, Excel and the LEED
Online form calculator, which will be used to evaluate the impact of suggestions for
improved fixture efficiency.

28
Stage 2.3
•

LEED Category for Indoor Environmental Quality

The credit under this category that has an impact on the buildings energy use is:
IEQ C2.4 Day lighting and Views
Requirement
This credit aims at increasing the amount of daylight in regularly occupied areas of the
building. Path 1 of Option one in the LEED reference guide (USGBC, 2009) for
achieving the day lighting credit will be pursued, which requires the simulation of the
building spaces to show the daylight luminance levels are between 10 – 500 foot candles
for at least 50% of the occupied spaces.
Approach
This credit will be attempted using the generated Revit model in Ecotect analysis.
The purpose will be to analyze the spaces for the luminance levels in order to determine
the feasibility of the addition of indoor lighting control devices which could potentially
further reduce the energy usage of the building by up to 50% (Dubois & Blomsterberg,
2011). In addition to this, other day lighting techniques such as varied window glazing as
well as the installation of light shelves to deflect glare and improve indoor illumination,
will be explored.
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Stage 3
Here, the final results obtained from the various simulations are compiled and
analyzed. The analysis will be using output in the form of images and reports generated
from the various software used. Comparisons will be made between similar categories as
well as across the 3 categories in order to have a broader view of the impact different
combinations of the upgrades would have on the ARB.
Simple payback calculations will be conducted on the various options to ascertain
the feasibility of making an investment in those options. This cost data will be obtained
directly from manufacturers of randomly sampled products that comply with the
standards of energy conserving measures that are being sought after. Expected outcomes
are that the suggested upgrades will perform better with respect to the energy usage as
compared to the currently existing systems in the ARB. As costing may vary greatly
depending on product selection, the values provided for the cost analysis will only be
considered as giving a look into the possible investment involved to specific product
selection per category.

Figure 3.1. Flowchart of procedure
30
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CHAPTER 4. RESULTS AND REVIEW

4.1

LEED Category for Energy and Atmosphere

Due to the absence of metered building utility data, as well as the limited area of
the ARB (2920 sq. ft.), the Energy Stars Portfolio manager could not be used to
determine the ARB’s current rating in comparison to the national benchmark. In place of
benchmarking it against the national average however, the site energy use intensity (EUI)
of the ARB was calculated using the portfolio manager and estimates of data collected
from the initial simulation run in eQuest. This was then compared to an average EUI
value for a typical office building between 0 – 50000sq ft., taken from Doty (2011).
Table 4.1
EUI comparison values
Average EUI for office buildings
EUI for ARB

between (0-50000sq ft.)

68

81

NOTE. Detailed report on EUI for ARB can be found in the Appendix A

The variation in differences between the two EUI values can be attributed to the
differences in buildings sampled by Doty (2011), and the ARB. The sizes, location and
associated climate zone, time as well as the time period of construction of the sampled
buildings all contribute to the differing values. (Pérez-Lombard et al., 2008)
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The energy conservation measures researched and applied with eQuest were in
the areas of lighting fixture energy usage, water heating options as well as the HVAC
equipment in the building. Research for the changes to be applied was split in two for
each category – with each sub category representing an alternate possible solution.
Although there are certainly more than just two alternatives of energy conserving
measures that can be taken, for the purpose of this thesis, the options were limited to two
in order to limit the size of the combination comparisons conducted later on.
In the run of the simulations, the effect of replacing the current system category
with the alternatives were compared with the original state of the building, in order to
analyze the effect on the individual energy performance of that category as well as the
overall effect on the energy consumption of the entire building. The baseline simulation
run results are shown in the figure below:

Figure 4.1. ARB baseline simulation run results
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The values obtained from the eQuest simulation run are summarized below, according to
the system categories selected for upgrades.
Table 4.2
ARB baseline simulation values summary
System

Total (kWh x 1000)

Water Heating

2.09

Lighting

16.87

HVAC
Space cooling

9.04

Space Heating

15.88

4.1.1

Water Heating System

Water heating systems are accountable as the fourth in line responsible for high
energy consumption in commercial buildings (Hepbasli & Kalinci, 2009). Older models
of storage tanks are known to be less efficient due to standby losses. As stated by Bohac,
Schoenbauer, Hewett, Lobenstein and Butcher (2010), “…A large fraction of the total
energy used by conventional storage water heaters (StWHs) goes to make up standby losses
from the approximately 92% of the day when no hot water is being used…” (p. 6). The

current water heating system in the ARB is a 30 gallon electric water heater, and since
the ARB water heating system is currently running on electricity, alternatives chosen will
remain electric consuming devices.
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For the purposes of the upgrade the first option to be considered as a replacement
for the current standby electric water heater is a heat pump while the second alternative
shall be an electric tankless water heater. According to Bohac et al., (2010), tankless
water heaters are able to save energy mainly due to the fact that they provide hot water
only when it is needed. The water is heated instantaneously, thus eliminating standby
heats losses and subsequent energy loses required to reheat the water in order to keep it at
a constant temperature in the storage tank.
Heat pumps on the other hand operate by drawing heat from the surroundings and
using that energy to increase the temperature of the water. This process requires less
energy and thus leads to savings in energy related utility costs (Hepbasli & Kalinci, 2009).
The parameters used in eQuest as input for the simulations of tankless versus heat
pump water heater performances are listed in the table below:
Table 4.3
Water heater input parameters
Heat pump

Tankless

Energy factor : 2.51

Stand by loss : 0%

Input rating : 2.2kW

Input Rating: 7kW

The simulation run results from eQuest for the tankless and heat pump water heater are
shown in figure 4.2. All other aspects of the ARB except for the water heating remained
unchanged in both simulation runs.
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Figure 4.2. ARB water heater upgrades simulation results
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4.1.1.1 Water Heating Calculations, Savings and Payback
Table 4.4 below shows a value summary pertaining to the water heater upgrades.
The annual savings and initial cost values are used in order to determine the simple
payback period, factoring in the available rebates on the water heater upgrade.
Table 4.4
Water heater simulation results summary
Annual

Simple
Annual

Energy

Savings

Use

Payback

Initial Cost
Savings

Rebate
($) 2

(%)

Period

($) 1
(kWh)

(Years)

Baseline

2094

-

-

-

-

-

Tankless

1584

24%

25.128

371

300

3 years

1339

36%

37.692

2399

300

>15 years

Heat
pump
NOTE. Annual savings ($) = (baseline energy use –alternate energy use) x $0.05
Initial cost ($) – Values were obtained from manufacturer of randomly sampled brands
with high efficiency water heater models. It should be noted that varying products come
with different efficiency and input ratings which affect energy usage. Prices may differ
according to selection option of building owner/contractors.
Rebate values are in the form of tax credits granted for the installation of high efficiency
heat pump and tankless water heaters. 3
The simple payback period was calculated as follows:
[(Initial cost - Rebate)/Annual savings]

1

Values are approximated
Initial costs obtained from manufacturer of sample Tankless and Heat pump used to illustrate potential
system costs. Manufacturer: Stiebel Eltron 300 Heat pump Water Heater ; Rheem RTE7 tankless
3
Source: http://www.energystar.gov/taxcredits
2
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4.1.2

Lighting System

Lighting in a commercial building can make up about 20-45% of its energy usage,
however, this can be greatly reduced simply by replacing the old fixtures with energy
efficient lighting systems (Dubois & Blomsterberg, 2011). There are several energy
efficient lighting alternatives available on the market, including Halogens, Light Emitting
Diodes (LED) and Compact Fluorescent Lamps. For the purpose of our analysis the T5
and T8 alternatives are considered due to their energy saving capabilities and reasonable
cost (Dubois & Blomsterberg, 2011); (Nadel, Atkinson & McMahon, 1993).
The number of appropriate lumens per square foot – according to room usage –
was used to determine the corresponding number of lamps that would be needed to
sufficiently light each room. These values as recommended by Kaufman (1987) that were
used are displayed in table 4.5.
Table 4.5
Recommended lumens per room type
Room Type

Recommended Number Of

Recommended Number Of

Lumens Per Square Meter

Lumens Per Square Foot

Office

500

46

Corridor

100

9

Restroom

200

19

Mechanical room

500

46

Copy room

500

46
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The square footages of each room was extracted from the Revit model and used to
determine the total number of lumens per square foot, per room. Table 4.6 below shows
the calculated totals of lamps (T5 and T8) needed as well as the watts used and lumens
emitted per lamp based off a sampled product from the Juno lighting group.
Table 4.6
Lighting input data
Total number of bulbs

Wattage per bulb

Lumens

(needed) in building
Baseline

111

40

Not available

T8

42

32

2950

T5

42

28

2900

These numbers of bulbs and their corresponding wattages were used as input for the
eQuest analysis which yielded the results displayed in figure 4.3.
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Figure 4.3. ARB lighting run upgrades simulation results
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4.1.2.1 Lighting Calculations, Savings and Payback
The breakdown of cost calculation involved in the lighting fixture upgrades is
outlines in table 4.7. It was assumed that not only would the lamps be changed but also
their accompanying ballasts.
These costs were obtained directly from the manufacturer and may differ by varying
selection of product types.
Table 4.7
Lighting fixture cost
Cost per lamp ($)

#

Cost per ballast ($)

#

Total cost ($)

T8

5.27

42

19.13

28

756.98

T5

14.07

42

47.26

28

1914.22

Table 4.8 shows a value summary of the lighting fixture upgrades, with initial costs and a
calculated payback period.
Table 4.8
Lighting simulation results summary
Annual Energy

Savings

Annual

Initial Cost

Simple Payback

Use (kWh)

(%)

Savings ($) 4

($) 5

Period (Years)

Baseline

16869

-

-

-

-

T8

5109

70%

590.42

756.98

2 years

T5

4411

74%

624.15

1914.22

4 years

4

Values are approximated
Initial costs obtained from manufacturer of sampled T5 and T8 bulbs used to illustrate potential system
costs. Manufacturer: Danalite – Juno lighting group. F28T5/835 ; F32T8/SPX35

5
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Since the exact specifics relating to the bulbs (type, wattage) currently in the
building are not precisely known, the exact amount of rebate possible could not be
accurately calculated. However for replacing T8/T12 with T8 Fluorescent Fixtures ranges
between $3-$30; while replacing T12 with T5 Fluorescent Fixtures ranges from $5-$13 6

4.1.3

HVAC System

The HVAC systems take up about 40-50% of energy use in commercial buildings.
(Perez-Lombard et al., 2008) The alternate options considered for replacement were
selected based on their practicality, and ease of installation. The current systems being
used in the ARB are unit air conditioners for cooling purposes only and air forced
hydronic hot water radiators for heating.
As this is a considerably small existing building, an extensively complicated
HVAC system may not be entirely feasible from the owners’ perspective as the
investment would be high, and it would most likely take a substantial amount of time
before any payback would be attained.
For those reasons, the possible alternative options chosen were
•

Packaged Terminal Air Conditioning (PTAC) system with electric resistance

•

Packaged Terminal Heat Pump (PTHP) system.

Although these may appear to only have subtle differences, they were also chosen in
order to determine whether a change to the HVAC system would be a worthwhile venture
to begin with.
The results of the simulations obtained in eQuest are shown in figure 4.4.
6

Source : http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=IN15F&re=0&ee=0
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Figure 4.4. ARB HVAC upgrades simulation results

43
4.1.3.1 HVAC Calculations, Savings and Payback
Table 4.10 below provides the value summary for the HVAC systems. Initial
costs were provided as general budget pricing for a typical system.
Table 4.9
HVAC simulation results summary
Annual HVAC

Annual
Savings

Energy Use

Initial

Simple Payback

Cost ($) 7

Period (Years)

Savings
(%)

(kWh)

($)

Baseline

26939

-

-

-

-

PTAC

26904

0%

1.75

10,632

>10

PTHP

25812

4%

56.35

11,700

>10

Rebates associated with the PTHP and PTAC systems are: pumps - $250-$400/pump,
(varies by Heat Pump); Packaged Terminal Air Conditioning: $20/ton 8

4.1.3.2 HVAC Solar Additions
An option for the addition of solar panels to the building would allow a further
reduction in electricity consumption. Solar energy serves as an alternate, sustainable
means of harvesting solar radiation and converting it into electric power for the buildings
use. (Joshi, Dincer & Reddy, 2009).

7

Estimated values only. Actual Prices may vary.
Source: http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=IN15F&re=0&ee=0 ; values
pertain to the state of Indiana
8
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Figure 4.5. Solar radiation simulation results (from rear and front view of ARB)
The images show a conceptual mass version of the ARB as well as a piece of the
mechanical engineering building occupying the space behind it. This portion of the
mechanical engineering building was included as it provides shading to the North
Western façade of the building and is thus important in order to accurately simulate the
amount of solar radiation all sides of the ARB is actually receiving.
Using Autodesk’s project Vasari software enabled the solar radiation simulation
of the ARB to show the amount of solar radiation that was being received by each side of
the building.
The results showed that an average of 337 watts per square meter was being
received on the most prominent side of the building – the roof. Using this information in
the solarPV watts online calculating tool, a rough estimate of how much solar power
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could be generated was determined. First, the location of the ARB was pinpointed using
the PVWatts viewer as shown in figure 4.6.

Figure 4.6. Snapshot of ARB from pv watts viewing tool

This location was then fed to the associated PVWatts online calculating tool, which then
proceeded to produce the following results in table 4.12.
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Table 4.10
PV watts calculation results
RESULTS
MONTH

SOLAR RADIATION

AC Energy (kWh)

Energy Value ($)

(kWh/m2 day)
1

2.85

286

14.30

2

3.63

324

16.20

3

4.42

417

20.85

4

5.24

462

23.10

5

5.50

481

24.05

6

5.72

470

23.50

7

5.58

467

23.35

8

5.33

453

22.65

9

5.06

425

21.25

10

4.33

391

19.55

11

2.79

253

12.65

12

2.46

240

12.00

Year

4.41

4669

233.45

If a PV array with dc power rating of 4kW were to be installed - as was assumed
in the example for the ARB - it would lead to an approximate savings of $233.45 costwise and 4669 kWh savings energy-wise as shown in the calculation results derived from
the PV watts tool.
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Thus, depending on the requirements of the building as well as the extent to
which the building owner would be willing to invest, solar power could serve as a viable
alternative to using electricity from the grid.

4.2

LEED Category for Water Efficiency

Under the LEED category for Water Efficiency, the LEED form was used to
calculate the water usage of the ARB. There are currently 2 lavatories, 1 kitchen sink, one
urinal and 2 water closets. These are the fixtures that account for the water usage in the
ARB, as displayed in the floor pan below:

Figure 4.7. ARB Plumbing Plan of First Floor
Since the primary objective of this thesis is to apply LEED credits that may
directly or indirectly affect energy usage in the building, fixtures that require the use of
hot water will be targeted for the recommended changes within the water efficiency
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category. This means only the flow fixture devices - i.e. two lavatories and one kitchen
sink - shall be addressed. The fixtures are then categorized as follows:
Table 4.11
Flush and flow fixture classifications
Flow Fixture

Classification

Lavatory 1

Hot & Cold Water

Lavatory 2

Hot & Cold Water

Kitchen Sink

Hot water only

Flush Fixture

Classification

Water Closet (2)

Cold Water only

Urinal (1)

Cold Water only

The following information was gathered and used as input data for the form:
Table 4.12
Input data for LEED form
Occupancy Data

26 FTE , 10 Transient occupants

Current Lavatory Flow Rate

2.2 gpm

Current Kitchen Sink Flow Rate

2.0 gpm
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The following changes are recommended to the flow fixture devices:
Table 4.13
Recommended changes in flow fixture devices
Recommended Lavatory Flow Rate

0.5 gpm

Recommended Kitchen Sink Flow Rate

1.0 gpm

Using the LEED online form’s in-built calculator, the current state of the buildings water
consumption – Case 1 - was determined. Next, the values were updated for the flow
fixtures only, using the recommended input flow rates.
The following values were extracted from the completed LEED form for water efficiency
credit
Table 4.14
Flow fixture water consumption comparison
Fixture Family

Baseline Flow rate

Installed Flow rate

(gpm)

(gpm)

Public lavatory

2.2

0.5

Kitchen Sink

2.0

1.0

Calculated flow fixture

37.03

9.68

annual water use (kGal)
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Table 4.15
Summary of annual whole building water consumption
75.87

Calculated whole building

48.52

annual water use (kGal)
NOTE. Detailed reports can be found in the Appendix B & C

4.2.1

Calculations and Savings

Using the data obtained from the two set of results obtained from the LEED form
in built calculator, the quantity of water saved per year was determined first.

Saved Annual Hot Water Consumption
Calculated annual water use of case 1 – Calculated performance use of case 2
Annual water saved by changing flow rates = 75.87 – 48.52 = 27.350 kGal
This amount of water saved can be solely attributed to the change in flow rate of the flow
fixtures in the ARB. 2/3 of the flow fixtures are considered to provide hot water, thus the
amount of hot water saved = 2/3 * 27.35 kGal = 18.233 kGal

Saved electricity used to heat
1 gallon of water weighs 8.337 lb.
1 BTU = 1 lb. of water is heated by 1°F
Ground temperature = 50°F
In order to heat 1lb of the water coming in to a temperature of 120 °F there will have to
be a 70°F increase in water temperature.
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 8.337lb * 70°F = 583.59 BTU is required to heat 1lb of water from 50°F to 120°F.
Since 1kWh = 3413 BTU
583.59
3413

* 1kWh = 0.171 kWh

0.17kWh is required to increase the temperature of 1 gallon of water from 50°F
to 120°F
 18233.33Gal/1 Gal * 0.171 kWh = 3117.9 kWh is the amount of electricity saved

4.2.2

Payback

Cost of Heating averted
1kWh costs approximately 5 cents per kWh for the Purdue campus.
 3117.9 kWh * $0.05 = $155.90
Cost of Pumping averted
Pumping of water costs approximately 33 cents per kGal on the Purdue campus
 1000 Gal = $0.33
For 27350Gal
 27350Gal/1000Gal * $0.33 = $9.03
Cost of sewage averted
Sewage costs approximately $ 5.35 per kGal on the Purdue campus
 1000Gal = $5.35
For 27350Gal
 27350Gal/1000gal * $5.35 = $146.41
Total Annual Savings = $311.33
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Recommended fixture replacement and payback
The currently existing flow fixture aerators of 2.0gpm and 2.2 gpm are recommended to
be replaced by 1.0gpm and 0.5gpm aerators respectively. The price range is
approximately $25- $35 per aerator.
Table 4.16
Aerator consumption and savings results summary
Annual HVAC

Simple
Annual

Initial

Savings ($)

Cost ($) 9

Energy Use

Payback

Savings (kWh)

Period (Years)

1.0 & 0.5 gpm
3117.9

upgrades

311.33

75-105

<1 year

Thus, the total cost of purchasing the aerator upgrades will range from $75 - $105, and
the payback period would be less than a year.

4.3

LEED Category for Indoor Environmental Quality

There are several techniques that can be adopted in an existing building in order
to make the best use of daylight indoors. Examples of day lighting techniques are the use
of light pipe, light shelves and mirrored louvers, which function by reflecting light deeper
into the room to help reduce glare while increasing lighting conditions indoors; the use of
skylights, location of windows as well as the use of high efficiency window glazing also
play a role in the harvesting of daylight (Littlefair, 1990).
9

Cost may vary depending on the features of the aerators selected. Cost source: http://chicagofaucet.com/
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Any one of the aforementioned methods can amount to savings in lighting and energy
costs due to the harvesting and use of daylight that occurs freely to us from the outdoors.
Using Ecotect to analyze the illuminance of the various rooms in the ARB it can
be seen that the LEED requirement of day lighting and views can easily be obtained.
Figures 4.9 and 4.11 show that over 50% of the occupied spaces are well lit, with an
average of about 250 foot candles. Due to the location of the ARB, the North West façade
is mainly shaded by the mechanical engineering building, as shown in figure 4.8 below.

Figure 4.8. ARB location

The effect of this can be clearly seen in figures 4.9 to 4.12 as the rooms located
directly across from the mechanical engineering building have little or no direct exposure
to day light.
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Figure 4.9. First floor day lighting simulation results (2D)

Figure 4.10. First floor day lighting simulation results (3D)
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Figure 4.11. Second floor day lighting simulation results (2D)

Figure 4.12. Second floor day lighting simulation results (3D)
.
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However, in order to assess the extent to which this can be improved, two of the
aforementioned day lighting techniques were simulated in eQuest and Ecotect in order to
demonstrate their effects on the building.

4.3.1

Window Glazing

The simulation conducted in eQuest was that of window glazing. By strategically
selecting the appropriate window glazing, heat transfer is reduced thus lowering the
heating and cooling loads of the building (Colaco, Kurian, George & Colaco, 2008). The
following result was obtained from the eQuest software after running the simulation with
double and triple glazed low-e window options.

Figure 4.13. eQuest simulation with varying window glazing
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It can be seen that a reduction in the overall energy consumption of the building
was achieved, simply by changing the window glazing to either double or triple low-e
glazing.
4.3.2

Light shelf

The simulation using Ecotect involved the technique of using lighting shelves to
reduce glare caused by direct intense levels of sunlight coming into a room. To
demonstrate this, an initial simulation was conducted using one of the occupied spaces on
the second floor of the ARB on the South East façade.

Figure 4.14. Ecotect simulation showing sun ray penetration
It can be seen in the initial simulation in figure 4.14 that the space directly after
the window would be in direct line of heavy glare. This spot would also tend to be
excessively heated during warmer months.
A sample light shelf was then inserted into that same window and the simulation
was re-run. The resulting output is seen in figure 4.15.
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Figure 4.15. Ecotect simulation showing sun ray penetration with light shelf
The light self can be seen to provide some amount of shading and also has the
ability to deflect the rays of light that would have caused glare deeper into the room. This
allows the daylight to filter into the room as indirect sunlight thus eliminating glare. This
makes lighting in the room appear less harsh to the senses, as seen in the rendered images
of the room simulations in figure 4.16.

Figure 4.16. Radiance rendering within Ecotect showing varying lighting levels
Moreover light shelves result in enhancing user comfort and reduces the need of the use
of artificial lighting indoors – which leads to savings in building energy usage

59

CHAPTER 5. DISCUSSION AND CONCLUSION

5.1

5.1.1

Discussion

Water Efficiency Category

Changing of the aerators in order to reduce the flow rate of water in the building was
aimed at ultimately reducing the amount of hot water used through the lavatories and
kitchen sink. This would result in an indirect savings in energy since less hot water used
would mean less energy used to heat the water. A total energy savings of 3117.9kWh was
attained, as well as a total cost savings of $311.33. The estimated total cost of the aerators
($75 - $105) resulted in a payback period of less than a year. From these results it can be
concluded that changing the aerators is a viable and easy option that could be undertaken.

5.1.2

Energy and Atmosphere Category
5.1.2.1 HVAC

Overall positive results were obtained for less intensive upgrades. However, as all
the alternative options were being explored the results showed that the HVAC
replacement of packaged terminal air conditioners (PTAC) or packaged terminal heat
pump (PTHP) systems yielded the least energy use improvement from the currently
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installed heating and cooling systems with an overall improvement percentage of 0% for
the PTAC and 2% for the PTHP as shown below in table 5.1
Table 5.1
HVAC effect on individual heating and cooling systems
Heating

Cooling

Total

(kWh)

%

(kWh)

%

(kWh)

%

Baseline

15876

-

9042

-

59348

-

PTAC

14087

11%

10529

-16%

59308

0%

PTHP

809

95%

10545

-17%

58216

2%

NOTE. Detailed reports can be found in the Appendix E

5.1.2.2 Lighting
Changes made in lighting as well as changes made to window glazing had an impact on
the heating and cooling loads within a building as is shown below:
Table 5.2
Lighting effect on heating and cooling systems
Heating (kWh)

%

Cooling (kWh)

%

Total (kWh)

%

Baseline

15876

-

9042

-

59348

-

T8

20048

-26

7956

12

50522

15%

T5

20328

-28

7903

13

50047

16%

NOTE. Detailed reports can be found in the Appendix F
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Table 5.2 demonstrates that the change in light fixtures caused an increase in the
consumption of energy by the heating system while it caused a decrease in the
consumption of the cooling system. This may be as a result of the higher efficiency lamps
in the room emitting less heat, causing more heating and less cooling to be required to
keep the room at a comfortable temperature for the occupants.

5.1.2.3 Water Heating
The water heating alternatives were between a tankless electric replacement and a
heat pump electric replacement. Rebates offered by local utility companies could offset
the initial cost of these high efficiency devices, making their acquisition easier. Although
the heat pump showed the best improvement in energy consumption, the initial costs
drive the payback period up, making the tankless water heater a more economically
viable option .

Overall comparisons
To understand how the systems interact with each other on a more holistic level
the various possible combinations of the upgrades that relate directly to the energy
consumption of the building were collated as shown in tables 5.1 and 5.2:
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Table 5.3
System matrix

T8

Tankless WH

Heat Pump WH

Case 1 = T8 + Tankless + PTAC

Case 3 = T8 + Heat pump + PTAC

Case 5 = T5 + Tankless + PTAC

Case 7 = T5 + Heat pump + PTAC

Case 6 = T5 + Tankless + PTHP

Case 8 = T5 + Heat pump + PTHP

Case 2 = T8 + Tankless + PTHP

Case 4 = T8 + Heat pump + PTHP

PTAC
T5
T5

PTHP
T8

Case 0 = Baseline case
Table 5.4
Overall comparisons
Hot
Lights

Heating

Case

Cooling

%
(kWh)

Total

%
(kWh)

%

Water

%

(kWh)

%
(kWh)

(kWh)
0

16869

-

15876

-

9042

-

2094

-

59348

-

1

5109

70

17920

-13

8460

6

1578

25

48648

18

2

5109

70

1345

92

8508

6

1579

25

46914

21

3

5109

70

17920

-13

8460

6

1336

36

48406

18

4

5109

70

1345

92

8508

6

1336

36

46671

21

5

4411

74

18162

-14

8343

8

1578

25

48071

19

6

4411

74

1386

91

8392

7

1579

25

46286

22

7

4411

74

18162

-14

8343

8

1336

36

47828

19

8

4411

74

1386

91

8392

7

1337

36

46043

22

NOTE. Detailed reports can be found in the Appendix G
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It can be seen that while some combinations may lead to varied positive
improvements in energy usage, others have very little benefits - if any. Lighting choices
have a direct effect on the cooling and heating loads of the building, but it should be
noted that the amount of artificial lighting required is also indirectly influenced by any
daylight harvesting techniques that are employed in the building. This analysis enables
the building owner to have an overview of which systems would provide the best direct
energy use improvement.

5.1.3

Indoor Environmental Quality

In this section, day lighting is presented as an additional means of reducing energy
use. First Ecotect analysis was used to confirm that the LEED credit for day lighting
could be attained. This was done by demonstrating that sufficient foot candles (10-500fc)
were available to at least 50% of the occupied areas in the building. Next, several day
lighting techniques were discussed and simulations were run to demonstrate the effect of
the application of two of the presented methods on the ARB.

5.1.3.1 Light Shelf
Simulations demonstrating the use of light shelves were performed using Ecotect
analysis. This was conducted in one of the offices on the second floor due to the large
window areas, allowing the rooms on the south east side of the building to receive
maximum sun rays. Rendered images of the interior displaying lux values in several
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positions were used to demonstrate the visual impact as well as the effect of light
distribution the light shelf had on the room.
This method could be applied to all the offices that experience the effects of glare
due to direct exposure to solar rays. Rooms in the North West side of the building that
experience heavy shading cast by the mechanical engineering building would not be able
to benefit from this technique.

5.1.3.2 Widow Glazing
The change in window glazing caused a decrease in both the consumption of
energy by the heating system and cooling system. This is be due to the low emissivity
material property of the glazing which results in heat from inside a building being
reflected back inside during winter, keeping it warmer indoors; while heat from the sun
during summer is reflected away, keeping it cooler inside. (Colaco, Kurian, George &
Colaco, 2008).
Table 5.5
Effect of changed glazing types on heating and cooling systems
Heating (kWh)

%

Cooling (kWh)

%

Total (kWh)

%

Baseline

15876

-

9042

-

59348

-

Double G.

12643

20

7840

13

54660

8

Triple G.

11529

27

7494

17

53131

10

NOTE. Detailed reports can be found in the Appendix H
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5.2

Conclusion

From the standpoint of the building owner, some of these upgrades may not be
worthwhile investments due to the fact that the payback periods of the systems are
unrealistically long and their energy use reduction is not substantial.
Hence, based off the results in the analysis and payback calculation, it can be
concluded that smaller scale upgrades such as the change in the lighting as well as the
change in the aerators may be more feasible and easily attainable while still being able to
save the building owner a substantial amount of energy and related costs.
For the ARB, this analysis may not have been able to show an extensive
improvement in its energy efficiency versus feasibility related costs. Perhaps if applied to
a larger building with more occupants and higher loads, a greater effect of the application
of the LEED and energy conserving measures would have been observed.

5.2.1

Shortcomings

Lack of detailed specifications of the ARBs systems led to the use of estimated
values obtained from simulation runs which may not be a true representation of the actual
energy consumption of the ARB.
The payback calculations used only consider the initial cost of the system as well as
the estimated annual savings impact they could have. Maintenance costs, installation
costs, labor costs and other miscellaneous fees are not included. Thus, although it may
give a good overview of what a building owner would have to invest, it is not a true
representation of the true costs of making the upgrades.
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5.2.2

Future work

Other credits in the LEED rating system that may also the potential to have some
indirect impacts on the energy consumption of the building could also be investigated.
These are, namely:
•

SS Credit 8 Light Pollution Reduction

•

EA Credit 3.1 Performance Measurement—Building Automation System

•

IEQ Credit 2.2 Controllability of Systems—Lighting

(USGBC, 2009)
These credits cover further criteria for analysis which includes building
automation, controls and sensors for more efficient monitoring and use of lighting ad
HVAC systems. The schedule of the building occupants could be taken into account and
perhaps modified in order to determine the optimal times of building occupancy and how
this impacts the buildings overall energy consumption.
The ARB is an isolated case that was studied in this thesis; however, in order for
the results obtained here to be successfully generalized to other similar buildings, the
study would have to be conducted on a sample of these kinds of structures – not just a
single isolated case. More factors would need to be taken into consideration as well,
depending on the complexity of the desired retrofit for an existing building, such as
changes to be made to the building envelope as well as a more in-depth analysis into day
lighting techniques that could be applied.
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